High-grade endometrial stromal sarcoma likely encompasses underrecognized tumors harboring genetic abnormalities besides YWHAE-NUTM2 fusion. Triggered by three initial endometrial stromal sarcomas with ZC3H7B-BCOR fusion characterized by high-grade morphology and aggressive clinical behavior, we herein investigate the clinicopathologic features of this genetic subset by expanding the analysis to 17 such tumors. All of them occurred in adult women with a median age of 54 (range, 28-71) years. They were predominantly based in the endomyometrium and demonstrated tongue-like and/or pushing myometrial invasion. Most were uniformly cellular and displayed haphazard fascicles of spindle cells with mild to moderate nuclear atypia. Myxoid matrix was seen in 14 of 17 (82%) tumors, and collagen plaques were seen in 8 (47%). The mitotic index was ≥ 10 mitotic figures/10 high-power fields (HPFs) in 14 of 17 (82%) tumors with a median of 14.5 mitotic figures/10 HPFs. No foci of conventional or variant low-grade endometrial stromal sarcoma were seen. All tumors expressed CD10 with only limited or absent desmin, SMA and/or h-caldesmon staining. ER and PR expression in 45% of cells was seen in 4 of 12 (33%) tumors. Diffuse cyclin D1 and BCOR immunoreactivity was present in 7 of 8 (88%) and 7 of 14 (50%) tumors, respectively. Fluorescence in situ hybridization or targeted RNA sequencing confirmed ZC3H7B-BCOR fusion in all tumors, including four and two previously diagnosed as myxoid leiomyosarcoma and undifferentiated uterine sarcoma, respectively. Limited clinical data suggest that patients present at higher stage and have worse prognosis compared with published outcomes in low-grade endometrial stromal sarcoma. Tumors with ZC3H7B-BCOR fusion constitute a distinct group of endometrial stromal sarcomas with high-grade morphology that should be distinguished from other uterine mesenchymal neoplasms that may demonstrate myxoid morphology.
High-grade endometrial stromal sarcoma likely encompasses underrecognized tumors harboring genetic abnormalities besides YWHAE-NUTM2 fusion. Triggered by three initial endometrial stromal sarcomas with ZC3H7B-BCOR fusion characterized by high-grade morphology and aggressive clinical behavior, we herein investigate the clinicopathologic features of this genetic subset by expanding the analysis to 17 such tumors. All of them occurred in adult women with a median age of 54 (range, 28-71) years. They were predominantly based in the endomyometrium and demonstrated tongue-like and/or pushing myometrial invasion. Most were uniformly cellular and displayed haphazard fascicles of spindle cells with mild to moderate nuclear atypia. Myxoid matrix was seen in 14 of 17 (82%) tumors, and collagen plaques were seen in 8 (47%). The mitotic index was ≥ 10 mitotic figures/10 high-power fields (HPFs) in 14 of 17 (82%) tumors with a median of 14.5 mitotic figures/10 HPFs. No foci of conventional or variant low-grade endometrial stromal sarcoma were seen. All tumors expressed CD10 with only limited or absent desmin, SMA and/or h-caldesmon staining. ER and PR expression in 45% of cells was seen in 4 of 12 (33%) tumors. Diffuse cyclin D1 and BCOR immunoreactivity was present in 7 of 8 (88%) and 7 of 14 (50%) tumors, respectively. Fluorescence in situ hybridization or targeted RNA sequencing confirmed ZC3H7B-BCOR fusion in all tumors, including four and two previously diagnosed as myxoid leiomyosarcoma and undifferentiated uterine sarcoma, respectively. Limited clinical data suggest that patients present at higher stage and have worse prognosis compared with published outcomes in low-grade endometrial stromal sarcoma. Tumors with ZC3H7B-BCOR fusion constitute a distinct group of endometrial stromal sarcomas with high-grade morphology that should be distinguished from other uterine mesenchymal neoplasms that may demonstrate myxoid morphology. Modern Pathology (2018) 31, 674-684; doi:10.1038/modpathol.2017.162; published online 1 December 2017 In the most recent World Health Organization classification of endometrial stromal tumors, the term 'high-grade endometrial stromal sarcoma' describes neoplasms harboring the chromosomal translocation t(10;17)(q22;p13) resulting in YWHAE-NUTM2 gene fusion. [1] [2] [3] High-grade endometrial stromal sarcomas with YWHAE-NUTM2 fusion have unique histologic features, typically exhibiting a high-grade round cell component that is sometimes associated with a low-grade fibrous or fibromyxoid spindle cell component 4, 5 or may rarely evolve from a conventional low-grade endometrial stromal sarcoma. 6 The round cell component consists of monomorphic cells with intermediate-sized nuclei and finely dispersed chromatin, arranged in sheets and nests with pseudo-papillary or pseudoglandular architecture and associated with brisk mitotic activity. 4, 5, 7 This component lacks CD10, ER and PR expression and exhibits strong and diffuse cyclin D1 and BCOR staining. 8, 9 Compared with patients with low-grade endometrial stromal sarcoma, those with YWHAE-NUTM2 high-grade endometrial stromal sarcoma have earlier and more frequent recurrences and are more likely to die of their disease. 2, 4, 7, 10 Overall, clinical outcomes appear intermediate between low-grade endometrial stromal sarcoma and undifferentiated uterine sarcoma. 4, 11 Although YWHAE-NUTM2 high-grade endometrial stromal sarcoma is now readily recognizable by its characteristic morphologic features, other types of high-grade endometrial stromal sarcomas with alternative gene fusions likely exist and may currently be misclassified as undifferentiated uterine sarcoma or leiomyosarcoma. 7, 12 ZC3H7B-BCOR gene fusion resulting from the chromosomal translocation t(X;22)(p11;q13) was recently identified in both ossifying fibromyxoid tumors 13 and endometrial stromal sarcomas, 14 the latter in which tumor grade was not specified. Endometrial stromal sarcomas harboring this novel fusion appear to share histologic and some immunophenotypic features with myxoid leiomyosarcoma. 12 Our initial study of three such tumors suggested that they are histologically high-grade because of the presence of both brisk mitotic activity and nuclear atypia exceeding that allowable for low-grade endometrial stromal sarcoma. 12 Furthermore, the limited clinical data available suggested that ZC3H7B-BCOR endometrial stromal sarcomas may be clinically aggressive compared with low-grade endometrial stromal sarcoma. 12 In this study, we describe the histologic and immunophenotypic features of the largest cohort of ZC3H7B-BCOR endometrial stromal sarcomas to date to define these tumors as a distinct pathologic entity that can and should be distinguished from other uterine mesenchymal tumors, particularly myxoid leiomyosarcoma, and evaluate their clinical behavior.
Materials and methods

Case Selection
Seventeen endometrial stromal sarcomas harboring ZC3H7B-BCOR fusions were collected from four institutions: Memorial Sloan Kettering Cancer Center, New York, NY, USA (n = 10); Norwegian Radium Hospital, Oslo, Norway (n = 3); Vancouver General Hospital, Vancouver, Canada (n = 2); Massachusetts General Hospital, Boston, MA, USA (n = 1); and the pathology consultation files of one of the authors (RHY) (n = 1). ZC3H7B-BCOR fusion was identified in 12 tumors, 5 of which were previously reported, 12, 14 as part of the clinical work-up using fluorescence in situ hybridization (FISH) or nextgeneration sequencing platforms including Archer FusionPlex Custom Solid Panel, MSK-Integrated Mutation Profiling of Actionable Cancer Targets (MSK-IMPACT), which interrogates all exons and selected regulatory regions and introns of 410 key cancer genes; 15 and FoundationOne, a genomic profiling assay interrogating the entire coding sequence of 315 cancer-related genes and selected introns from 28 genes often rearranged or altered in solid tumors. The remaining five tumors were identified by searching the Memorial Sloan Kettering Cancer Center clinical and pathology databases and the Vancouver General Hospital pathology database using the following search terms: 'undifferentiated uterine sarcoma,' 'undifferentiated endometrial sarcoma' and 'myxoid leiomyosarcoma.' Five-μm, formalin-fixed, paraffin-embedded tumoral tissue sections of these five cases were subjected to FISH and/or Archer FusionPlex sequencing. Four and two tumors were previously diagnosed as myxoid leiomyosarcoma and undifferentiated uterine sarcoma, respectively.
All available hematoxylin-and-eosin (H&E) and immunohistochemical stained slides and pathology reports of ZC3H7B-BCOR endometrial stromal sarcomas were reviewed by two pathologists (SC and NL) at a multi-head microscope for confirmation of diagnosis. Gross, morphologic and immunophenotypic features of these tumors were recorded. Clinical information, including age, stage and outcome, was obtained through the electronic medical records and pathology reports at Memorial Sloan Kettering Cancer Center, Massachusetts General Hospital, Vancouver General Hospital and Norwegian Regional Hospital. The study was approved by institutional review boards.
Fluorescence In Situ Hybridization FISH using probes flanking YWHAE, BCOR and ZC3H7B genes was performed on 5-μm formalinfixed, paraffin-embedded whole tissue sections of tumors with unknown gene rearrangement status as previously described. 12, 16 Custom probes were made by bacterial artificial chromosomes (BAC) clones flanking the YWHAE (RP11-105D11, RP11-1142D6, RP11-170J13, RP11-806J5), BCOR (RP11-21D3, RP11-1105N2, RP11-37K20, RP11-973F20) and ZC3H7B (RP11-1078O11, RP11-110H11) genes and obtained from BAC/PAC Resources (Children's Hospital Oakland Research Institute, Oakland, CA, USA). 13, 16 BAC clones were labeled with nick translation and validated on normal metaphase chromosomes. Slides were deparaffinized, pretreated and ZC3H7B-BCOR endometrial stromal sarcoma N Lewis et al hybridized with denatured probes overnight, followed by post-hybridization washes and counterstaining with DAPI. Slides were examined on a Zeiss fluorescence microscope (Zeiss Axioplan, Oberkochen, Germany) using Isis 5 software (Metasystems). Two hundred tumor nuclei were counted, and gene rearrangement was confirmed if break-apart signals were seen in 420% of nuclei.
Next-Generation Sequencing
Samples were subjected to the Archer FusionPlex Custom Solid Panel (ArcherDX Inc., Boulder, CO, USA), a targeted RNA sequencing assay utilizing the Anchored Multiplex PCR (AMP) technology that detects gene fusions and oncogenic isoforms in selected protein-coding exons of 62 genes. 17 Tumor RNA was extracted from 5-μm formalin-fixed, paraffin-embedded tissue sections followed by cDNA synthesis and library preparation. Final targeted amplicons were sequenced on an Illumina MiSeq. Data were analyzed using the Archer Software (version 4.0.10; ArcherDX Inc.).
Immunohistochemistry
Immunohistochemical staining was performed on 5-μm whole tissue sections of ZC3H7B-BCOR endometrial stromal sarcomas with available material using the following antibodies: CD10, ER, PR, smooth muscle actin (SMA), desmin, h-caldesmon, cyclin D1 and BCOR (Table 1) . For the remaining cases without additional available material, immunohistochemical stain results were recorded based on review of slides and/or extracted from pathology reports submitted by referring institutions.
Results
Gross and Microscopic Features
Tumor size was recorded in 16 of 17 ZC3H7B-BCOR endometrial stromal sarcomas and ranged from 1.5 to 12.0 (median, 9.7) cm. Size was not available in the remaining case in which the diagnosis was made on an endometrial curettage, and a hysterectomy was not performed. Additional gross characteristics were available in eight tumors: five were polypoid, tan to pink to yellow, solid, soft, fleshy or rubbery masses that involved the endometrium ( Figure 1) ; one tumor appeared grossly confined to the myometrium, but had irregular borders; one was received fragmented and one was morcellated, precluding reliable assessment of endomyometrial involvement.
Histologically, the tumors more often involved both the endometrium and myometrium (11 cases) than myometrium only (2 cases). Two patterns of myometrial invasion were observed among the 12 neoplasms in which the tumor border was available for evaluation: a tongue-like, infiltrative pattern typical of low-grade endometrial stromal sarcoma seen in five tumors ( Figure 2a ) and a broad front with irregular borders in two ( Figure 2b ); five displayed Figure 3e ) and 2 containing both small arterioles and thick-walled vessels. Three tumors displayed occasional hemangiopericytoma-like dilated vessels in addition to either small arterioles or thick-walled vessels (Figure 3f ). Rare benign endometrioid glands were present in two tumors ( Figure 3c) ; however, no foci of conventional or variant low-grade endometrial stromal sarcoma were seen in any of the neoplasms in the entire cohort.
Immunohistochemical Findings
The immunohistochemical profile of the neoplasms is summarized in Table 2 and illustrated in Figure 4 . CD10 was positive in all 17 (100%) tumors. The staining intensity and extent were typically strong and diffuse with three (19%) tumors demonstrating focal and/or weak expression. Only 7 of 16 (44%) tumors showed limited evidence of myogenic differentiation, including 6 demonstrating focal staining with only one smooth muscle marker (5 SMA and 1 desmin) and 1 expressing both SMA and h-caldesmon, but lacking desmin immunoreactivity. Smooth muscle markers were negative in the remaining nine (56%) tumors. ER and PR were also variably Figure 3 Additional morphologic features seen among some ZC3H7B-BCOR endometrial stromal sarcomas included collagen plaques (a), round, 'ball-like' proliferations of spindled cells (b), scattered benign endometrioid glands (c), small arterioles without prominent perivascular tumor cell whorling (d), larger, thick-walled blood vessels (e) and hemangiopericytoma-like dilated blood vessels without perivascular whorling (f).
Modern Pathology (2018) 31, 674-684 ZC3H7B-BCOR endometrial stromal sarcoma expressed, demonstrating positive staining for both markers in 45% of cell in only 4 of 13 (31%) cases. Cyclin D1 was strong and diffuse (495% of tumor cells) in seven of eight (88%) tumors. BCOR immunohistochemical staining was performed on 14 tumors and showed diffuse (495% of tumor cells) expression that was strong in 6 (43%) and weak in 1 (7%) tumor. BCOR expression was strong in~25% of the cells in one (7%), weak to moderate in o 5% of the cells in three (21%) and completely negative in three (21%) tumors. Among the eight tumors for which both BCOR and cyclin D1 were performed, six showed concordant staining patterns, meaning, individual cases either dually expressed both markers or were negative for both. Only two tumors showed diffuse cyclin D1, but only focal BCOR expression.
Clinical Data Including Follow-Up
Age and stage information using the 2009 FIGO staging system for uterine sarcomas was collected for all 17 cases. The median age at diagnosis was 54 (range 28-71) years. Seven (41%), three (18%) and seven (41%) patients presented with FIGO stage 1, 2 and 3 disease, respectively. Of the five patients who underwent lymph node sampling, two had lymph node metastases, one of whom had extrauterine disease at presentation, whereas the other had tumor otherwise limited to the uterus.
Clinical records of the 10 ZC3H7B-BCOR endometrial stromal sarcoma patients from Memorial Sloan Kettering Cancer Center were reviewed. Five patients were seen only once in consultation, three of whom at the time of recurrence. Among the five patients with clinical follow-up, only two were seen soon after initial diagnosis. One presented with stage 3 disease and had a pelvic recurrence that was surgically resected 3 months after initial diagnosis; the patient had no evidence of disease 12 months later. The other patient also had stage 3 disease at presentation and subsequently developed an abdominal/pelvic recurrence after 19 months that progressed despite medical management; she died 21 months later with an overall survival of 40 months. The three remaining patients were all seen at the time of recurrence, treated only with nonsurgical options, and had persistent and progressive disease. These patients presented with stage 1 disease, and all died of disease with overall survivals of 34, 41 and 80 months, respectively, after initial diagnosis.
Discussion
This is the largest study to date of ZC3H7B-BCOR fusion-positive endometrial stromal sarcomas, in which we have presented a description of the histologic, immunohistochemical and clinical features of this rare uterine sarcoma. These tumors often involve the endometrium and invade the myometrium in a tongue-like and/or pushing pattern. They consist of haphazard fascicles of spindle cells embedded in variable amounts of myxoid matrix and are frequently associated with brisk mitotic activity. They typically express CD10 and exhibit either limited or absent smooth muscle differentiation by immunohistochemistry; diffuse cyclin D1 and BCOR staining is seen in at least half of them. In contrast to patients with low-grade endometrial stromal sarcoma who typically have an indolent clinical course, 1 those with ZC3H7B-BCOR endometrial stromal sarcoma tend to present with higher stage disease, develop recurrence sooner and die of disease more frequently, similar to reported outcomes of patients with YWHAE-NUTM2 high-grade endometrial stromal sarcoma. 2,4 ZC3H7B-BCOR endometrial stromal sarcoma represents a histologically high-grade neoplasm that requires distinction from other uterine mesenchymal tumors that may exhibit myxoid morphology. Based on the findings from our current and recently published studies, 12 ZC3H7B-BCOR endometrial stromal sarcoma represents a unique clinicopathologic entity in which a recurrent gene fusion is associated with distinctive histology. The majority of these tumors arise in the endometrium and exhibit tongue-like myometrial infiltration and lymphovascular invasion similar to low-grade and YWHAE-NUTM2 high-grade endometrial stromal sarcomas. However, in contrast to low-grade endometrial stromal sarcoma, tumor cells of ZC3H7B-BCOR endometrial stromal sarcoma demonstrate a greater degree of nuclear atypia, are arranged in haphazard fascicles without perivascular whorling, and frequently show myxoid matrix. Tumors may also demonstrate a broad front of myometrial invasion with irregular borders different from the typical invasion pattern of endometrial stromal sarcomas. Collagen plaques, which are common among lowgrade endometrial stromal sarcomas, are present in approximately half of tumors harboring ZC3H7B-BCOR fusion. However, foci of conventional or variant low-grade endometrial stromal sarcoma morphology are not seen in these tumors. The distinctive morphology, degree of cytologic atypia associated with brisk mitotic activity and lack of any morphologic resemblance to low-grade endometrial stromal sarcomas together suggest that ZC3H7B-BCOR endometrial stromal sarcomas are indeed histologically high-grade.
Although ZC3H7B-BCOR endometrial stromal sarcomas appear histologically high-grade, they are morphologically and immunophenotypically distinct from tumors harboring YWHAE-NUTM2 fusions, the sole type of high-grade endometrial stromal sarcoma currently recognized by the World Health Organization. 1 The fascicular growth, spindle cells and prominent myxoid matrix of these tumors are not seen in YWHAE-NUTM2 high-grade endometrial stromal sarcomas that are typically composed of sheets, nested, and pseudo-papillary or pseudo-glandular patterns of round cells. Although a low-grade fibrous or fibromyxoid component may be seen in YWHAE-NUTM2 endometrial stromal sarcomas, this phenomenon has not been observed in tumors harboring BCOR rearrangement. Diffuse cyclin D1 and BCOR expression may be present in both types of high-grade endometrial stromal sarcoma, although half of those with BCOR rearrangement show only limited or absent staining for both markers. CD10, ER and PR expression is typically absent in the high-grade round cell component of YWHAE-NUTM2 endometrial stromal sarcomas, whereas CD10 is positive with variable ER and PR staining in tumors with ZC3H7B-BCOR fusion.
Tumors harboring ZC3H7B-BCOR fusion are also morphologically and immunophenotypically different from low-grade endometrial stromal sarcomas, particularly those that have fibroblastic, fibromyxoid or myxoid change. Low-grade endometrial stromal sarcoma with variant histologic features typically exhibit foci of conventional low-grade endometrial stromal neoplasia characterized by bland spindle cells with ovoid to fusiform nuclei associated with delicate arterioles resembling proliferative phase endometrial stroma. Even among tumors with extensive fibroblastic, fibromyxoid or myxoid change, the tumor cells show only mild atypia without prominent nucleoli, and the mitotic index is typically low. Fibroblastic low-grade endometrial stromal sarcomas are frequently hypocellular in contrast to ZC3H7B-BCOR endometrial stromal sarcomas. These features contrast with ZC3H7B-BCOR endometrial stromal sarcomas that exhibit a greater degree of nuclear atypia associated with brisk mitotic activity. Although CD10 is expressed in both low-grade and ZC3H7B-BCOR endometrial stromal sarcomas, ER and PR staining is seen in the vast majority of lowgrade tumors, 18 but less than one-third of high-grade endometrial stromal sarcomas with BCOR rearrangement. Diffuse cyclin D1 and/or BCOR expression and absence of ER and PR expression in endometrial stromal sarcoma with fibroblastic, fibromyxoid or myxoid change should prompt consideration of ZC3H7B-BCOR endometrial stromal sarcoma and confirmatory molecular studies.
ZC3H7B-BCOR endometrial stromal sarcoma shares remarkable histologic overlap with myxoid leiomyosarcoma. In fact, four of our tumors were diagnosed previously as myxoid leiomyosarcoma and reclassified as endometrial stromal sarcoma only after the gene fusion status was confirmed retrospectively by FISH or next-generation sequencing. ZC3H7B-BCOR endometrial stromal sarcomas frequently show at least focal deposition of myxoid matrix and collagen in addition to large thick-walled blood vessels that are commonly seen in smooth muscle neoplasia. 19 However, ovoid nuclei and tongue-like myometrial infiltration are histologic features in favor of endometrial stromal sarcoma over myxoid leiomyosarcoma, which more frequently shows cigar-shaped nuclei and irregular or destructive myometrial invasion. 20, 21 Gross features may also be helpful in this differential diagnosis as myxoid leiomyosarcomas are often gelatinous or mucoid, 20, 21 whereas none of the ZC3H7B-BCOR endometrial stromal sarcomas with available gross descriptions in our study showed these features. Although two of our patients had lymph node metastases, a feature more common in endometrial stromal sarcomas than leiomyosarcomas, 22 the small number of patients hinders our ability to draw conclusions regarding their propensity to involve lymph nodes. All ZC3H7B-BCOR endometrial stromal sarcomas in our current and previous studies express CD10 and show either limited or absent staining with smooth muscle markers. 12 Less than 50% of our study cohort showed any myogenic differentiation by immunohistochemistry. Among them, only a single tumor demonstrated focal desmin staining, whereas the remaining tumors showed either SMA expression alone or less frequently, concurrent SMA and h-caldesmon positivity without desmin expression. These findings raise a critical issue in the current evaluation of myxoid uterine mesenchymal tumors in which lack of myogenic differentiation by immunohistochemistry has been acceptable in the diagnosis of myxoid leiomyosarcoma if the morphology is characteristic of the entity. In the largest study of uterine myxoid leiomyosarcomas to date, 3 of 30 tumors reportedly showed CD10 expression alone, CD10 with desmin expression only, or CD10 and concurrent SMA and h-caldesmon staining, but without desmin immunoreactivity, suggesting that at least a small subset of their cohort may in fact represent unrecognized ZC3H7B-BCOR endometrial stromal sarcomas. 20 Our study suggests that absence of desmin expression in any uterine myxoid sarcoma should raise the possibility of ZC3H7B-BCOR endometrial stromal sarcoma in the differential diagnosis.
Two tumors in our cohort were previously diagnosed as undifferentiated endometrial or uterine sarcoma. Both were additionally noted to have either having uniform cytology or features that may represent a novel variant of high-grade endometrial stromal sarcoma. The morphology of these tumors were no different from the others, and the diagnoses rendered likely reflect the standard terminology used to classify such neoplasms by the World Health Organization 1 and limited available histologic and genetic data regarding high-grade endometrial stromal sarcomas at that time. Although undifferentiated endometrial sarcoma was previously used to classify highly aggressive tumors that exhibit marked nuclear pleomorphism and destructive myometrial invasion, undifferentiated uterine sarcoma is now the preferred term advocated by the World Health Organization to highlight the lack of histologic resemblance to proliferative phase endometrial stroma. 1 Growing evidence suggests that undifferentiated uterine sarcomas consist of a morphologically, immunohistochemically and genetically heterogeneous group of tumors, which may be subclassified into pleomorphic and uniform types, 23 the latter likely including underrecognized high-grade endometrial stromal sarcomas such as those harboring YWHAE-NUTM2 5,7 and ZC3H7B-BCOR 12 fusions. Rare examples of pleomorphic undifferentiated uterine sarcomas harboring known endometrial stromal sarcoma-related gene fusions have also been reported and likely represent de-differentiation of otherwise low-or high-grade endometrial stromal sarcomas. 23, 24 FISH and/or next-generation sequencing may also be necessary in the proper subclassification of undifferentiated uterine sarcoma which remains a diagnosis of exclusion.
Finally, adenosarcoma with sarcomatous overgrowth and myxoid inflammatory myofibroblastic tumor may also mimic ZC3H7B-BCOR endometrial stromal sarcoma. Two of our tumors showed rare benign endometrioid glands; however, none showed periglandular stromal condensation or phyllodes-like architecture that is diagnostic of adenosarcoma. 25 BCOR genetic abnormalities have also not been detected in adenosarcomas. 26 Inflammatory myofibroblastic tumors may exhibit myxoid stroma, but these rare neoplasms typically have an inflammatory infiltrate, exhibit ALK expression by immunohistochemistry, and harbor ALK rearrangements. [27] [28] [29] ALK immunohistochemistry was performed on only three of our tumors as part of the diagnostic work-up and was negative in all of them.
Although we did not formally investigate the concordance between cyclin D1 and BCOR expression in all of our tumors, it is of interest that diffuse cyclin D1 is present in 86% of tumors compared with diffuse BCOR expression in only 50%, similar to that reported in our recent study evaluating the utility of BCOR expression in high-grade endometrial stromal sarcomas harboring YWHAE rearrangement and BCOR genetic abnormalities. 9 The mechanism by which BCOR expression is upregulated among tumors with YWHAE and BCOR genetic aberrations is unclear. It is also uncertain why only half of ZC3H7B-BCOR endometrial stromal sarcomas demonstrate diffuse BCOR staining when there appears to be no correlation between BCOR expression and BCOR breakpoints in the fusion transcripts. 9 Based on our findings in the current study, we suggest using both cyclin D1 and BCOR along with CD10, desmin, and SMA, when a diagnosis of ZC3H7B-BCOR endometrial stromal sarcoma is suspected. It should be noted, however, that cyclin D1 and BCOR expression may also be seen in the round cell component of YWHAE-NUTM2 high-grade endometrial stromal sarcomas, rare low-grade endometrial stromal sarcomas, as well as a small subset of spindle cell leiomyosarcomas, 9 emphasizing the importance of correlating immunophenotype with morphology when evaluating uterine sarcomas.
The presence of BCOR rearrangements among various tumor types suggests that BCOR has an important role in driving tumorigenesis. The BCL-6 corepressor (BCOR) gene, located on chromosome Xp11.4, encodes BCOR, which interacts with PCGF1 in a variant polycomb repressive complex (PRC1) that enhances transcriptional repression. 30, 31 Germline BCOR mutations have been found in syndromic diseases such as oculo-facio-cardiodental syndrome and Lenz micropthalmia. 32 Somatic BCOR mutations have been reported in hematologic malignancies, [33] [34] [35] [36] retinoblastoma, 37 medulloblastoma, 38 central nervous system primitive neuroectodermal tumors, 39 rhabdomyosarcoma 40 and clear cell sarcoma of the kidney. [41] [42] [43] ZC3H7B-BCOR fusions are not limited to endometrial stromal sarcomas and have been found in a subset of ossifying fibromyxoid tumors, which lack S100 expression and show malignant features. 13 BCOR rearrangements have also been identified in soft tissue small blue round cell sarcomas and clear cell sarcoma of the kidney, albeit involving the 5' end in contrast to the 3' end that is seen in tumors harboring ZC3H7B-BCOR fusion. [44] [45] [46] [47] We also recently identified BCOR internal tandem duplications in highgrade endometrial stromal sarcoma, the same genetic aberration detected in soft tissue small blue round cell sarcomas and clear cell sarcoma of the kidney. 9 Our clinical data are limited because of the rarity of ZC3H7B-BCOR endometrial stromal sarcomas. Based on the five patients with clinical follow-up at Memorial Sloan Kettering Cancer Center, there is a trend toward a worse prognosis compared with published outcomes of patients with low-grade endometrial stromal sarcoma. Prior studies indicating aggressive clinical behavior among patients with YWHAE-NUTM2 high-grade endometrial stromal sarcoma also suffer from similar limitations given small sample size and referral bias. 2, 4 Multiinstitutional studies are required for comparative analysis of clinical behavior among patients with ZC3H7B-BCOR, YWHAE-NUTM2 high-grade and low-grade endometrial stromal sarcomas.
We propose that ZC3H7B-BCOR endometrial stromal sarcomas be included among the highgrade category of endometrial stromal sarcomas given the available morphologic evidence and limited clinical data. These tumors display highgrade spindle cell histology frequently associated with myxoid matrix and are positive for CD10 with either limited or absent evidence of smooth muscle differentiation by immunohistochemistry. ZC3H7B-BCOR endometrial stromal sarcomas should be distinguished from other myxoid uterine mesenchymal tumors given the implications for patient management.
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